THE USE OF DRUCS and toxins for the analysis of nervous system function is over 100 years old. It considerably predates the general acceptance of the theory of chemical transmission at synapses, and indeed provided much of the evidence that led to the formulation of the theory. Studies with drugs and toxins have since helped to elucidate the detailed mechanisms of neu~~smission, and to classify receptor types and subtypes. The first terminal to be examined in d&all in this way was the dlolinergic nerve terminal.
Evidence for this model has been amassed in two waJs: by subcei!ular fractionation2 ; and by the use of drugs and toxins that selectively interact, as agonists, antagonists or blocking agents at various points in the process ( Fig.  1 ; Table 1 ). Such substances have been of great importance in dissecting out the various steps in the synthesis, &rage and release of acetylch&ne, and this in turn has led to a better understanding of the mode of action of drugs and toxins on the cholinergic system and the development of rational therapies and antidotes.
Receptor agonists and antagonists
The first drugs used to investigate neurotransmission were naturally occurring toxins that interact with the acetylcholine receptor.
Curare
The great French physiologist Claude Bernard carried out the first physiological investigation of the South American arrow poisun curare, the main active principle of which is rr-tubocurarine. Bernard showed that curare blocked neuromuscular transmission in the frog without affecting the excitability of either the motor Tips -~unualy 2990 IVol. IZf nerve or the muscle and thereby correctly concluded that the site of action was the junction between them.
CIaude Bernard (1813-1878) was one of the most remarkable men of his day. Of humble origins, he managed to qualify in medicine but never practised: he devoted himself to physiological research at considerable personal and financial sacrifice at a time when scientific research was not regarded as a full-time profession. He was a pupil of Magendie who discovered the 'law of the spinal roots' which stated that afferent nerve fibres entered the spinal cord through the dorsal roots, whereas the efferent fibres left through the ventral. Bernard eventually obtained the Professorship in Physiology at the Sorbonne and membership of the Academy. He made important contributions to our knowledge of digestion and liver function and introduced the concept of the constancy of the 'milieu int&ieur' (interior environment) which was later developed by the American physiologist W. 8. Cannon in his concept of homeostasis.
His personal life was less successful. He married a well-to-do widow who sympathized more with the animals he operated on than with her husband's scientific achievements -perhaps with some justi~cation, since curarization was used by Bernard and others as a form of anaesthesia. The realization by British physiologists that this was unjustified led to the world's first legal regulation of animal experimentation by the British parliament (Creels to Animals Act, 1876).
The discovery of the action of curare on the neuromuscular junction did not lead immediately similar venom from the cobra, ated, had the right affinity to provide the basis for the purifiNaja naja, especially when acetylcation of the receptor by affinity chromatography.
In an attempt to raise an antibody to the newly _. receptors have been found in the CNS and, presynaptically, in some types of cholinergic terminal where they form part of a negative-feedback loop regulating the release of the transmitter (Fig. 1) 
The anticholinesterases
An important cont~bu~on of Otto Loewi was his discovery that released acetyicholine is unstable in contact with tissues owing to the action of a specific enzyme. This enzyme, cholinesterase, was purified by a husband and wife team of Edinburgh biochemists, E. and E. Stedman.
Pfiysostigmine
Cholinesterase is inhibited by the naturally occurring alkaloid physostigmine or eserine, a carbamate ester of a nitrogenous base. Many synthetic analogues are known.
Loewi's realization that the basic effects of eserinc? were explicable on the basis of its specific inhibition of cholinesterase and the ensuing accumulation of ace~lcholine is perhaps the first example of what Sir Rudolph Peters termed a 'biochemical lesion' -the explanation of a toxic action in terms of a specific interference with a biochemical mechanism rather than a non-specific, generalized effect on the cell.
The organophosphates
An even more potent class of anticholinesterases is the highly toxic organophosphorus compounds14. These have given perhaps the biggest boost of any drug or toxin to cholinergic research because of their potential as chemical warfare agents and later as insecticides. During World War II it became an urgent matter of national security for governments to know as much as possible about the action of these substances and how they could be combated, and this in turn made it essential to understand as fully as possible the biochemistry of the cholinergic system. The continued use of some of these compounds as insecticides after the war created a record in terms of industrial toxicology, surpassing even the problems that arose when tetraethyl lead was introduced as an anti-knock agent into petrol by the American petroleum chemist Kettering in the 1920s.
The potential of the organophosphorus anticholinesterases was first appreciated in Germany between the wars. The first compound of this type (tetraethylpyrophosphate, TEPP) was synthesized as far back as 1854 by De Clerrnont. Several other chemists worked with this or similar compocnds but failed to appreciate their highly toxic nature. Willy Lange and his graduate student Gerda von Krueger synthesized dimethyl-and diethylphosphorofluoridate -the first fluorine compounds in the series -in 1932. Thgy immediately appreciated the toxicity of these compounds (perhaps because they were more volatile than TEPP) and noticed the effect of the vapour on respiration and the eyes. Lange was interested in synthetic insecticides and thought his compounds might be useful there. It is now known that all these effects are due to the powerful action of the compounds on the cholinergic synapse, and that insects use cholinergic transmission intensively in their nervous system. for cholinesterases, whose active centre catalyses the splitting off of the leaving group and the transfer of the rest of the molecule to the active site forming a stable complex (Fig. 3, Eqn 3) .
Meanwhile, a team of chemists and pharmacologists in Britain were investigating the literature for potential war gases. Prominent members were B. C. Saunders15, a Cambridge organic chemist, and the Kilbys'", also working in Cambridge as a husband and wife team, a biochemist and pharmacologist, respectively. In 1940 they came across Lange and Krueger's compounds and synthesized and tested numerous analogues of which the most potent was dill isopropy!fluorophosphate (DFP; diisopropylphosphorofluoridate). This team quickly discovered that these compounds worked by blocking cholinesterase irreversibly at very low concentrations. The more volatile ones were easily absorbed by inhalation.
When the USA entered the war, information was passed by the British to them and they set up their own teams, one of which was headed by David Nachmansohn who was one of the few biochemists in the USA at that time who knew much about cholinesterases.
After the war, the insecticidal aspect of the organophospho~s compounds began to be worked on. The goal was non-volatile compounds that could be more safely handled by farm workers. These include mipafox and parathion (Table II) .
The combination of continuing military and agricultural interest in these compounds meant good funding for basic research in the cholinesterase field and the mode of action was fairly quickly discovered. Kinetic and specificity studies by Zeller (Fig. 3, Eqn 1) . The omanonhosphates are oseudosubstrates *which transfe; a dialkylphosphate instead of an acetate group to the enzyme (see above); this is only very slowly regenerated by water but can be much more rapidly activated by substituted hydroxylamines (Fig.  3, Eqn 3 In the Case of the carbamate anticholinesterases, such as physostigmine (eserine) (Fig. 4, Eqn 21 , the carbamylated enzyme intermediate is hydrolysed much more rapidly by water than the corresponding phosphorylated enzyme. Thus spontaneous reactivation occurs in a few hours.
Blockers of acetylcholine synthesis and storage

Aziridinium compounds
The choline transporter is very sensitive to nitrogen mustard analogues of choline. These contain the three-membered aziridinium ring and are alkylating agents. 
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Choline acetyltrunsferase inhibitors The anti-ChAT compound naphthylmethylpyridinium (Fig.  4) was introduced by Cavallito23 in 1962. Its lack of specificity has, however, limited its use.
Vesamicol
This inhibitor of vesicular acetylcholine uptake (also known as AH-5183) was discovered by MarshalP, but its mode of action was defined by Stanley Parsons? who has shown that it blocks the uptake of acetylcholine into the recycling vesicles which are involved in transmitter release (Fig.  1) . Such vesicles are recruited on stimulation from the reserve pool and their discovery has gone far to resolve some of the paradoxes of the vesicular theory of transmitter storage and releasez6,".
E3
• In a randomly selected typical textbook, drugs are classified according to the sites and types of action (e.g. Cholinergic agonists), the gross effects (e.g. Sedatives and hypnotics), the disease5 they are used to treat {e.g Drugs used in gout), a discipline (Toxicology), the signs, symptoms, or syndromes they are used for (e.g. Antihypertensive agents, Antiarrhythmic agents), the processes they are used to alter (e.g. Anticoagulants, Diuretics), and combinations of qualities (e.g. Cardiac glycosides, an imprecisely defined chemical grouping used for an effect on a specific organ). Subdivisions of a chapter on drugs acting on the CNS might include: General anesthetics (a title based on use); Aliphatic alcohols (a title based on chemical structure); and Drug addiction and drug abuse (a title based on a special response).
Mowever inconsistent this classification, it serves because the reader knows what information is encompassed in a uiscussion of each class of drug. Sometimes, however, classifications and names offered by individuals can so vary that confusion results, a circumstance that provoked publication of Enzyme Nomenclature5 and that now fosters the need for an official classification and naming of receptor5-.4P". As research on receptors continues, it is likely that different names of receptors and different schemes of classification will continue to increase, reflecting the different interests and research goals of scientists. The confusion could exceed that which engendered Enzyme ~omenclafurc since scientists working on receptors come from disparate disciplines using different techniques, whereas enzymologists comprise a comparatively cohesive group.
Realists and skeptics
Classifiers have been divided into two groups7: the taxonomic realists and taxonomic skeptics. The realists assume that a particular taxonomy is correct or incorrect, that objects are ordered into natural groups. The taxonomic skeptics judge a taxonomy by its usefulness, which depends on the purposes of the classification. The skeptics would be less disturbed than the realists by the view that classification schemes
